Preparation and characterization of polyoxometalate/protein ultrathin films grown on electrode surfaces using layer-by-layer assembly.
We report a new electrostatic layer-by-layer assembly method for the controlled deposition of electrocatalytically active enzymes onto electrode surfaces using polyoxometalate as the counteranion. Cytochrome c (cyt c), a redox active protein, and P(2)W(18)O(62)(6-), a Dawson-type polyoxometalate, were deposited onto glassy carbon electrodes by two procedures: static dipping and electrochemical cycling. Cyclic voltammetry and UV-vis spectroscopy reveal that approximately 1.5 x 10(-10) mol/cm(2) of P(2)W(18)O(62)(6-) and 2.2 x 10(-11) mol/cm(2) of cytochrome c are deposited per cycle, which correspond to approximately one monolayer of each molecule. The thicknesses of the resulting films measured by atomic force microscopy also indicate that the films are formed in a layer-by-layer fashion. Experimental factors that affect electron-transfer rate in these films, such as scan rate and film thickness, were systematically analyzed. The use of {P(2)W(18)O(62)(6-)/cyt c}n films to catalyze hydrogen peroxide reduction was demonstrated.